Abstract Purpose: To develop and evaluate nanosponge (NS) based sustained release formulations of naproxen (NAP) and ibuprofen (IBU
INTRODUCTION
Osteoarthritis, commonly known as inflammation of joints is one of the most prevailing disease causing disability in geriatric patients. Management of this disease requires a long term oral therapy of non-steroidal anti-inflammatory drugs (NSAIDs) for achieving desired therapeutic effect [1] . However recurrent oral administration of these agents can cause various gastrointestinal (GI) complications, which may lead to ulcers and bleeding from various GI lesions. In addition large number of NSAIDs belong to low solubility class (class II) of the Biopharmaceutical Classification System (BCS) and therefore require higher and frequent dosing which results in increased frequency of adverse effects.
To counter these problems, different types of sustained release dosage forms have been proposed and developed. Various sustained release mechanisms such as diffusion, dissolution, osmotic pressure, pH and ion exchange resin-drug complexes can be employed to modulate the release of drug from the dosage form. However these systems are associated with several limitations, e.g. stability issues, toxicity due to dose dumping, gastric irritation, instability at acidic pH, high cost and less dose adjustment [2] . To overcome these problems, focus has been drawn towards nano technological approaches, where release of drug can be controlled in more precise manner. It has brought about the development of new techniques in drug formulations one of which is the nanosponge (NS).
NS are one of the colloidal carriers (nano sized) that have been currently suggested for the effective delivery of drug. It is a novel approach which offers controlled drug delivery to the active site which contribute towards reduced side effects, increased stability, targeted delivery, taste masking and ease of formulation [3] . Nanosponges are three-dimensional network like structure. The polymer is combined with crosslinkers acting as small hooks to join various parts of the polymer chains together. The overall effect is the formation of spherical microscopic particles comprising of countless interconnecting cavities having ability to encapsulate a wide range of drug substances [4] . The porous nature of the outer surface of the sponge offers control on the release of drug from the dosage form. Drug candidates having certain characteristics e.g. molecular weight between 100-400, solubility less than 10 mg/mL and melting point less than 250 o C are consider ideal for such type of preparations [5] .
In the current study, aim was to develop NS based sustained release formulations of ibuprofen (IBU) and naproxen (NAP). These drugs belong to the NSAIDs class of drugs indicated for the management of swerve pain and inflammation associated with osteoarthritis. Both drugs have ideal characteristics required for NS preparation and can be considered as model drug for such type of study. Different formulations of NS were prepared by solvent emulsion diffusion method using ethyl cellulose (EC) and polyvinyl alcohol (PVA) as polymer and surfactant respectively. Prepared formulations were evaluated for physicochemical parameters including drug loading, entrapment efficiency and percentage yield. Structural characterization was done by different techniques including SEM, PXRD and FTIR. In-vitro bioavailability studies were also performed on the selected formulations.
EXPERIMENTAL Materials
NAP, IBU, EC, PVA, dichloromethane (DCM) were purchased from Sigma Aldrich, Lahore, Pakistan. All the other chemicals were used without further purification and of analytical grade.
Preparation of nanosponge formulations
Six nanosponge (NS) formulations for each candidate drug (coded N1-N6 for NAP and I1-I6 for IBU) were prepared using the emulsion solvent diffusion method [6] . Two different concentrations of polyvinyl alcohol (0.5 and 0.75 % w/v) were used with different ratios of ethyl cellulose and the candidate drugs as described in the Table 1. The dispersed Phase was prepared by dissolving EC and the drug in DCM (20 mL) and sonicated for ten minutes. Definite amount of PVA was dissolved by continuous stirring on water bath for 30 minutes at 80 °C in 150 mL of water to prepare the continuous phase. Dispersed phase was then added drop wise to the continuous phase. Mixture was stirred at 1000 rpm for 2 hours. The formed solid was then collected by using membrane filter (pore size 0.45 µm) and washed with distilled water. Sample was dried for 2 h in an oven at 40 °C and for the removal of residual solvent it was kept in desiccator for 48 h. The product was then packed and stored in airtight vials for characterization. 
Drug content analysis
For the quantitative determination validated spectrophotometric methods were used for both drugs. Stock solutions (100 µg/mL) of NAP and IBU were prepared by using phosphate buffer as a solvent with pH 7.4 and 7.2, respectively. Calibration curve of NAP was constructed using standard solutions with concentration range from 5 -100 µg/mL. Absorbance was measured at lambda max (λ max ) of NAP at 330 nm and concentration was determined by using a calibration curve with R 2 value of 0.993. Calibration curve of Ibuprofen was constructed using standard solutions of concentration range from 5-30 µg/mL. Absorbance was measured at lambda max (λ max ) of IBU at 222 nm. Concentration was measured by using calibration curve with R 2 value of 0.983.
Characterization of NS formulations
The prepared formulations were initially characterized by production yield (%), entrapment efficacy (%), actual drug content (%), particle size (PS), polydispersity index (PDI), zeta potential (ZP) and Fourier Transform Infrared Spectroscopy (FTIR). On the basis of initial parameters, best formulation was selected for further structural analysis by powder x-ray diffraction (PXPD) and thermo-analytical methods such as differential scanning calorimetry (DSC) and thermal gravimetric analysis (TGA). Scanning electron microscopy (SEM) was used to investigate the morphology of prepared NS.
Determination of production yield
Production yield (PY) was calculated as in Eq 1.
…….. (1)
where WNS = weight of nanosponge obtained, WRM = weight of raw material (polymer + drug).
Actual drug content and entrapment efficiency
To calculate actual drug content (ADC) %, nanosponge samples (20 mg) of NAP and IBU were dissolved under sonication in 100 mL of phosphate buffer with pH 7.4 and 7.2 respectively. Drug contents were determined spectrophotometrically (UV 2550 Shimadzu) by using the above described calibration curves. The following formulae were used to find the percentage actual drug content and entrapment efficiency (EE) % of the prepared samples.
………. (2) where WDNS = actual weight of drug in nanosponges, WNS = weight of nanosponges obtained.
……… (3) where WDNS = actual weight of drug in nanosponges, WD = total weight of drug used.
Determination of particle size (PS), zeta potential (ZP) and polydispersity index (PDI)
Particle size (PS), polydispersity index (PDI) and zeta potential (ZP) of the nanosponge formulations were determined by zeta sizer (Malvern, ZSP Nano) [7] . For this, aqueous dispersions of nanosponges were diluted to an appropriate scattering intensity at 25 °C and the average hydrodynamic diameter was measured with dynamic light scattering measurements using zeta sizer.
Fourier transform infrared spectroscopy (FTIR):
FTIR analysis of the pure drug, its physical mixture with polymer and nanosponge formulations was carried out by ATR-FTIR (Bruker, Alpha-P). The spectrum was scanned from 4000 to 400 cm For further evaluation, one formulation of each candidate drug was selected on the basis of the particle size, entrapment efficiency and FTIR analysis. For particle size, formulation with appropriate size of nanosponge, i.e. with an average diameter < 500 nm is selected, formulation with best entrapment efficiency and intact FTIR spectra for all the functional groups of candidate drug showing no interaction.
Morphology studies
For the morphology studies of selected nanosponge formulation, Scanning Electron Microscopy (SEM) was used [8] . Particles of nanosponges were fixed on aluminum stub and coated with gold for improved contrast, using Sputter Coater (Denton, Desk V HP) operating at 40 mA for 25 seconds under vacuum. The morphology of particles was determined using Field Emission Scanning Electron Microscope (FE-SEM, Nova Nano SEM 450) operating at 15 kV.
Thermo-analytical studies
The methods used to investigate the thermal characteristics of substances are Differential Scanning Calorimetry (DSC) and Thermal Gravimetric Analysis (TGA) [9] . Thermal behavior of the pure drug, its physical mixture with polymer and selected nanosponge formulation was determined using differential scanning calorimeter (TA instruments, SDT Q600) by heating from room temperature to 300°C under N 2 , providing heat at the rate of 10 °C/min.
Powder x-ray diffraction analysis (PXRD) studies
Drug polymer complexation was analyzed by Xray diffraction [10] . X-ray diffraction analysis of the pure drug, its physical mixture with polymer and selected formulation was carried out in an xray diffractometer (D8 Advance, Bruker) with Cu Kα radiation (λ = 1.54060 A°). The rate of scanning was 100/min and diffraction angle 2Ɵ was 10 -800.
In-vitro release studies
In-vitro drug release studies of pure drug, its physical mixture and the selected formulations were performed in a Type II dissolution test apparatus (ErwekaDT700), at 37 ± 0.5 o C and at a paddle speed of 50 rpm. Sample of nanosponge formulation equivalent to 100 mg of the pure candidate drug was used for the analysis [11] . Dissolution medium (900 mL) of pH 7.4 for naproxen and pH 7.2 for Ibuprofen for 12 h was used. Samples (5 mL) were withdrawn from the dissolution apparatus at different time intervals (15, 60 and 120 min) and then filtered. The withdrawn samples were replenished with 5 mL of fresh dissolution media to maintain the sink conditions. The drug content was determined at λ max 330 nm for naproxen and at λ max 222 nm for Ibuprofen.
Kinetic analysis of drug release
To study the drug release mechanism of nanosponge formulations, the release data of selected nanosponge formulations was fitted to zero-order, first-order, Higuchi, KorsmeyerPeppas, Hixson-Crowell and Baker Lonsdale kinetic models. The kinetic model with the highest coefficient of correlation (R 2 ) value was considered to be the best fit model for describing the release of drug from the nanosponges.
RESULTS
In order to assess the effect of polymers on the properties of nanosponges, twelve formulations (6 for each candidate drug) with different ratios of drug, EC and PVA (as shown in Table 1 Production yield of NAP formulations (N1-N6) was in the range of 70 to 86.6 % as shown in Table 2 . The value of this parameter for IBU formulations I1 and I2 was 80 and 75 %, respectively.
It was observed that the actual drug content and entrapment efficiency of the nanosponge formulations of both drugs are dependent on the Drug: EC ratio. Maximum values of these parameters were achieved with equal proportions of drug and EC (N2 for Naproxen and I2 for Ibuprofen). With respect to PVA, entrapment efficiency decreased with increase in PVA concentration from 0.5 to 0.75 %. 
FTIR analysis
FTIR spectra of the pure drug, its physical mixture and nanosponge formulations are compared in Figure 2 and 3 for NAP and IBU respectively. The spectrum of NAP showed three characteristics peaks at 3151.50, 2973.60 and 2938.19 cm -1 in functional group region. These peaks correspond to the stretching of O-H and C-H of carboxylic group. Apart from the characteristic peaks in the functional region, peaks specific to NAP were also present in the fingerprint region of the spectrum. In the physical mixture all the peaks remained intact and no significant shifts were observed. This represents lack of chemical interaction between the drug and the polymers. In nanosponge formulations (N1-N6), there is a broadening and disappearance of the drug peaks, which shows that the drug has been encapsulated.
FTIR spectra of pure IBU in Figure 4 showed characteristic peaks at 1725.15 and 2874.21 cm -1 due to carbonyl and hydroxyl stretching respectively. C=C bending of the aromatic ring present at 1684.4 cm -1 and the C-H stretch present at 2973.24 cm -1 . Medium band at 600-900 cm -1 corresponds to the C-H bending and ring puckering. These Characteristic peaks were also found intact in spectra of the physical mixture and nanosponge formulations (I1-I2). Broadening and disappearance of the drug peaks suggests that the drug has been successfully encapsulated in the NS core. 
Morphological, structural and thermoanalytical characteristics
Morphological, Structural and Thermoanalytical characterization of selected formulations (N2 and I2) were performed by SEM, PXRD, DSC and TGA techniques. These formulations were selected on the basis of particle size, entrapment efficiency and FTIR analysis. As the size of N2 and I2 formulation was 464.7 and 327.6 nm respectively, which is considered appropiate for nanosponge formulation. Entrapment efficacy of N2 and I2 formulations were 83.5 and 87.6 % respectively, which is the highest among all other prepared formulations. FTIR spectra was also intact showing no chemical interaction. 
Scanning electron microscopy (SEM)
SEM examination of formulations N2 and I2 showed porous, spherical and nanosized particles. Figure 4 and Figure 5 clearly depicts the porous and spongy texture of the nanosponges. 
Thermo-analytical analysis
Differential scanning calorimetry (DSC) thermogram of pure NAP, its physical mixture with polymer and nanosponge formulation (N2) is shown in Figure 6a . DSC curve of pure Naproxen showed an endothermic peak at 154.8°C corresponding to its melting point [12] . DSC curve of physical mixture showed same thermogram as that of the pure drug, indicating the lack of chemical interactions between the drug and the polymer. DSC curve of the nanosponge formulation showed that the drug did not melt as no peak was observed at its melting temperature. Two non-symmetrical endothermic peaks were observed in the DSC curve of pure IBU at 76.4 and 230˚C (Figure 6b ) demonstrating the melting point and decomposition of the sample, respectively [13] . Similar DSC curve was observed for physical mixture, suggesting a lack of chemical interaction between the drug and the polymer. DSC curve of NS formulation shows the absence of drug melting peak indicating the successful encapsulation of drug within the nanosponge cavities.
TGA analysis of pure IBU, its physical mixture and IBU nanosponge formulation is compared in Figure 6d . TGA curve of pure drug and physical mixture show a sharp decline starting from 
Powder x-ray diffraction (PXRD)
Powder X-ray Diffraction (PXRD) patterns of pure drug, its physical mixture and nanosponge formulations of NAP and IBU are shown in Figure  7a and 7b, respectively. The diffraction patterns of pure drugs show sharp and intense peaks indicating the crystalline nature of the sample. These peaks can also be observed in the physical mixtures showing lack of chemical or physical interactions between the drug and the polymer. PXRD pattern obtained from nanosponge samples of NAP show masking of crystalline peaks which suggest the successful encapsulation of the drug within the nanosponge core. In case of IBU, the nanosponge formulation has shown a pattern of an amorphous nature, as no diffraction peaks were observed [14] .
In vitro release and kinetics
The in vitro release study of the pure drug, its physical mixture and selected nanosponge formulations i.e. N2 and I2 was performed for 12 h. The percentage drug release for pure drugs was comparable with their respective physical mixtures. The percentage drug release was 95.78 % in 12 h for N2 and 81.75 % in 7.25 h for I2 formulation as shown in Figure 8 . Various kinetic models such as Zero Order Kinetics, First Order Kinetics, Higuchi plot, Korsmeyer-Peppas plot, Hixon Crowell plot and Baker Lonsdale plot were applied to dissolution data obtained from the NS formulations. The interpretation of data of both drugs showed that maximum linearity (highest R 2 value) was found with Higuchi classical model of diffusion; (R 2 = 0.9597 and 0.9453 for NAP and IBU respectively) as shown in Table 3 . This manifests that the drug release mechanism is by diffusion process. To determine whether this diffusion process is Fickian or non Fickian, the Korsmeyer-Peppas model was applied to 60% of the release data. The results obtained after the application of Korsmeyer-Peppas model showed 'n' values to be less than 0.5 which suggests that the diffusion process is obeying Fick's law of diffusion [15] .
DISCUSSION
The emulsion solvent diffusion method with varying ratios of pure drug and polymer was used to successfully prepare the Naproxen nanosponge formulations (N1-N6). However two formulations of Ibuprofen (I1 and I2) out of the six were obtained while the rest resulted in a flexible plastic-like sticky paste. This may be due to the effect of IBU on the plasticity of EC and PVA as IBU is reported as a non-traditional plasticizer of ethyl cellulose [16] . The efficiency of the plasticizer relies upon concentration and level of interaction between the polymer and the plasticizer [17] . With the rise in concentration of the polymer in the formulations I3 to I6, the plastic behavior of the mixture became more evident and therefore the sponges were unable to retain their shape and were consequently converted into flexible mass [18] . It was observed that the production yield is inversely proportional to the concentration of both the polymers. Increasing the concentration of EC and PVA decreased the production yield. This may be due to the following reasons: First, larger amounts of polymer increased the wall thickness of the nanosponge (as indicated by a larger particle size). Second, a higher concentration of PVA produced hydrophobic regions, due to which some of the drug and polymer was dissolved [19] . Furthermore, increased foaming was witnessed during the nanosponge preparation with increase in the concentration of polymers hindering the formation of the nanosponges. This foaming consequently reduced the filtration rate thereby increasing the synthesis time.
It was noted that when the quantity of EC was more than that of the drug, aggregate formation increased. This is primarily due to the increased viscosity of internal phase and results in decreased entrapment of drug [20] . Entrapment efficiency also decreased with increase in PVA concentrations. This may be due to the fact that PVA acts as a nonionic emulsifier. It might also be possible that at higher concentration the drug molecules associate away from interface making an alternative hydrophobic region, due to which some portions of the drug was dissolved and subsequently decrease the entrapment efficiency [21] .
The results also illustrated that the mean particle size had a direct relation with the amount of polymer used in the preparation. Increasing the polymers (EC and PVA) fraction significantly increased the particle size due to foaming and aggregation. Larger quantities of EC increased the viscosity of the system which created hindrances in the formation of smaller droplets [20, 22] . At lower concentrations, diffusion of the internal phase (dichloromethane) into the external phase (aqueous phase) improved, reducing the time for droplet formation which resulted in smaller particle sizes. Also, it was reported that surfactants (PVA) at higher concentration (above critical micellar concentration) may not contribute to decrease in particle size [23] . Increased amount of PVA also increases the viscosity of the medium thus reducing the sheer stress, which is an important variable for decreasing the particle size. Moreover, PVA sticks to the surface of nanosponges and remain bound to them after repetitive washings which increases the size of the particles [24] .
Structural analysis by FTIR of nanosponge formulations of both candidate drugs showed broadening and disappearance of drug peaks which suggests complex formation, and thus drug encapsulation. Morphological analysis by SEM confirmed porous morphology and that the pores in the nanosponge formulations were channeled inwards. This may be due to the impressions of the solvent (DCM) diffusion on nanosponge surface [6] .
Thermo-Analytical studies (DSC and TGA) revealed that the drug is well incorporated into the nanosponge core and therefore nanosponges can be processed at a relatively higher temperature and impart stability on the formulation as compared to the pure drug. The thermal behavior of nanosponges indicated that the polymers hindered the re-crystallization of the drug possibly due to the drug's encapsulation in nanosponge cavities. The degree of crystallinity of both drugs was significantly reduced in the nanosponge formulations as compared to its physical mixture. This indicates that the drug was able to disperse almost homogenously, as a solid solution or as a metastable molecular dispersion.
PXRD results suggest that the drug loading in the nanosponge formulations is not due to mechanical mixing of the components but due to the encapsulation of the drug in the nanosponge cavities. The encapsulated drug may be in amorphous or solubilized form within the nanosponge channels [25] .
In vitro release of Naproxen and Ibuprofen nanosponge formulations (N2 and I2) showed sustained release pattern and revealed that the drug release mechanism is by diffusion which may be controlled by the porosity of nanosponges.
CONCLUSION
Nanosponge formulations of naproxen and ibuprofen with particle size in the nano range, based on ethyl cellulose and polyvinyl alcohol as polymers, have been successfully prepared by emulsion solvent diffusion method. Physicochemical parameters of the prepared nanosponge formulations including yield, drug loading, entrapment efficiency and particle size are dependent upon the polymer concentrations. The nanosponges consist of spherical spongy structures in which the drug is encapsulated. Mode of drug release follows a sustained pattern by Fickian diffusion. 
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